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ABSTRACT

The photolysis of pure N,O, N,O and N,, and N

> X O and C3H6

2

o
mixtures at 1470 A and room temperature has been studied to determine

2

the relative importance of the primary processes. The results are

Reaction 0]
N,O +hv -~ Nz(lZ) + o('p) 0.515 % 0. 04
3 3
— N,(Z) + 0CP) 0.084 % 0.02
1 1
—~ N,('Z) +0('s)
0.38 £ 0.06
—~ N(°D) + NO(? 1)

—~ N,('z) + o’P)
0.02 £ 0.02

-~ n(*s) + No(?m)

where @{O(ID) = 0.515 represents both the O(lD) produced in the
primary act and that produced by collisional quenching of O(ls),
@{NéSE)} = 0.084 represents only that portion of N2(3‘2> which disso-
ciates N,O on deactivation, and o{o('s)} = 0.38 - @{N(ZD)}
represents only that portion of O(lS) which enters into chemical
reaction with NZOG

If the reaction of ogls) with N, O yields only N, and 0, as
products, which seems likely from potential-energy curve considerations, then
@{O(ls)} = 0,135 + 0.06 and @{N{ZD)} = 0,245 * 0.06. Young et ar
have found from spectroscopic observations that the total quantum
yield of O(ES) is about 0.5. Thus if can be concluded that collisional
removal of O{}'Si by NZO yields mainly O(ID) with chemical reaction
being less important. Furthermore most of the Oﬁ(}“D}; is produced

this way and the true primary yield of O(iD) is about 0. 15.

i




The metastable N(ZD) is not deactivated by NZO’ but is removed
by chemical reaction to produce NZ and NO. The results further
indicate that N2(3Z} dissociates NZO at least 80% of the time dutring
quenching. The relative efficiency of NZO compared to N2 is about 2
for the removal of O(lD). O(lS) is removed about 90 times as

efficiently by C3H6 as by NZO'




INTRODUCTION

The photolysis of NZO at 1470A has been studied in some detail
by a number of investigators. Zelikoff and Aschenbrand,1 Groth and
Scfl’nlerholz,Z and Yang and Servec’lio3 have found the products of
photolysis to be NZ’ 02’ NO, and NOZ’ and have measured their
quantum vyields.

The following primary processes are energetically possible in

the photolysis of NZO at 1470A.

N,O + hv(14704) — N,('Z) + O('s) 1
—~ ny('z) +o('D) 2
- N,C2) +o’p) 3
—~  N(°D) + NO(*m) 4
- N('z) +OCP) 5
—~  N(*s) + No(“m) 6

Reactions 1-4 are spin allowed, but reactions 5 and 6 are spin forbidden.
Young, Black, and Slange‘r4 recently have measured the quantum yields
of various metastable species formed in the photolysis by photometric
techniques. They report quantum yields of 0.5, 0.55, and 0.08,
respectively for ogls), O(lD),, and Nz(32) production. However, the
sum of their computed primary quantum yields exceeds unity.

In the present paper, we report product c-lua,n‘cam yield measure-
ments for the 1470A photolysis of pure NZO, NZOmN2 mixtures, and

NZO=olefin mixtures. From the data obtained, we compute the quantum

yields of each of the primary processes.
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EXPERIMENTAL

A Raytheon microwave power generator Model PGM-10 was used
to pass a microwave discharge through xenon as a source of 1470A
radiation. The photolysis cell, about 15 ¢m in length and 2.5 cm in
diameter, was equipped with a sapphire window to allow passage of the
radiation. Absorbing gases could be introduced into a central compart-
ment between the photolysis cell and the source to vary the intensity of
the light reaching the photolysis cell. A side arm on the xenon lamp
was immersed in liquid Ar during photolysis to trap out any impurities
present in the lamp. The spectral purity of the lamp was determined
by placing ethane, which absorbs1470A radiation but no longer wave-
lengths, in the compartment between the photolysis cell {containing NZO)
and the lamp. Under these conditions no photolysis of NZO could be
detected. The intensity of the lamp was determined by carbon dioxide
actinometry5 where the quantum yield of CO formation is taken to be
1.0.

Matheson C.P. grade NzOg trans-butene-2, and research grade
CEH() were purified by degassing at -196°C. The nitrogen used was
Air Products research grade. It contained 5 ppm oxygen which neces-
sitated a correction in determining the quantum yields of oxygen prcduced
in experiments with NZ present.

After irradiation the products were collected in a Toepler pump
and compressed before gas chromatographic analysis on a 1/4" by 10 ft.

long column packed with 5A molecular sieves of 60/80 mesh, and

utilizing a2 Gow Mac Model 40-012 voltage regulator power supply with

a Gow Mac Model 10677 thermistor detector. Either NO or 02 Was
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detected, but not both. The NO and OZ react before analysis so that
only the gas present in excess is observed. Measurements with known
mixtures of NO and O2 done under identical conditions of an experiment
showed that the NO and 02 reacted quantitatively in a 4 to 1 ratios
Apparently, at the inlet to the chromatograph, the following reactions
occur.

2NO + 0, — ZNO2 7

2

NO2 + NO — NZO 8

3
Therefore the measured quantum yield of O2 formation, <I>m {OZ }, is

related to the actual quantum yields by

e {0,}=2{0,} - (1/4)(2 NO} - 2{NO, } a
Furthermore a mass balance requires that

@{Nz}: 23 {OZ}+(1/2)€I>{NO}+(3/2)@{N02} b
Combining equations a and b gives

@{02} +(1/2)@ {NOZ} = u/zmm{oz} +(1/4)® {NZ} c
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RESULTS

The gquantum yields observed in the photolysis of NZO at 1470A
are listed in Table I. In most of these experiments the absorbed

intensity, I, measured by CO2 actinometry, was obtained before and

5
after each run. The average value was used and is listed in the Table,
The experiments are tabulated in the order of increasing percent decom-
position, reported as 100 times the amount of N2 produced divided by
the NZO pressure. .Since about 0. 75 molecules of N'2 are produced per

NZO decomposed, this ratio ié about 3/4 of the percent decomposition,
which varies between 0.05 and 1 percent.

Both the quantum yields of N2 formation, & {NZ }, and thé mea-
sured quantum yield of OZ’ @m {OZ }gare independent of NZO pressure
between 50 and 245 torr, but both yields increase with the percent
decomposition. The average value for & {NZ} for all the runs in the
table is 1.48 = 0. 07, whereas the average value for the first seven runs
with low conversions is 1.41 £ 0.06. These two values agree within
the experimental uncertainty, but the slight increase in @ (N’z} with per-
cent conversion is apparent. The reason for this increase is not known,
The value of 1.41 for & {NZ} agrees extremely well with the previous
work as shown in Table Il and is adopted here. A value of 1.48 is too
large to be consistent with the other investigations.

‘I’m{OZ} increases markedly with percent conversion, and the
reason for this is quite clear. The formation of N(ZD} atoms in the
primary photolysis was demonstrated by the production of 30N in the

2
6 , b e B
photolysis of 15N14N0a . Since N€4S§ does not react with N?OS 68

. . .15 ., ; .
the only way 30N2 can be produced is by reaction of 5N(ZD} with z5?\3’}41\70




TABLE I

Quantum Yields in the Photolysis of N,O

at 1470A and Room Temperature

2

[NZO] : Irradiation . i-(-)-—-[—I—\Ii] . .

Torr © Time, min Ia’ p/min _ [NZO] : e -{NZ} g’m-{Qz}
245 60.0 1.03  0.038 1. 50 0. 139
103 - 30.0 1.43 0.058 1.39 0.132
100 60. 0 ‘ 0.73 0.064 1.45 0.146
98 60.0 1,03 0.098 1.50 ~  0.145

61 60,0 1,28 ©0.168 - 1.33 0.130
50 60. 0 1.15 0.194 1.40 0.135
53 60.0 128 0.194 1.34 0. 134
60 60.0 1.57 0.237 1.51 0. 162
101 60. 0 - 3.16 0.284 , 1.51 0.190
99 60. 0 3.16 0.303 L59 0,200
69 120. 0 1.43 10.38 1.50 0,161‘
77 60.0 3,72 0. 46 , 1.58 0.197

107 320.0 1.47 0.70 1,59 0, 202




wé‘,m

N{“D} + N,O — N, + NO 9

About 5 percent of the NZ was of mass 30 and this represents a lower

2'D), since some of the 1FJI‘\I({ZD}

limit to the percent of N, arising from N{
could react with NZO to produce lSNO., With about 1% of 15NO added the

percentage of 3ONZ increased thus indicating the following reactions

N(ZD) + NO — N, + o’ p) 10a
4
— N(*s) + NO 10b
4 3
N(*s) + NO — N, + O’ P) 11

In our experiments at low conversions reaction 9 dominates and NO is

produced. However, as NO is accumulated in the system, reaction 10

(10a + 10b) becomes more important. NO production is reduced, OZ

production is enhanced, and @m{OZ} rises. The rate constants k_9 and
-12 =10 3 .

k,q are known to be 3 x 10 and 1.8 x 10 cm” /sec respectively.

Thus at I percent conversion about 25% of the N(2D§ atoms are reacting

with NO, which is sufficient to account for the observed trend in CIDm{OZ},

Therefore, the first seven runs in Table I, which correspond to low

T

percent conversion, are used to‘obtain @m{OZ} = 0,137 £ 0,005,

Values found for O2 production from the previous studies are
listed in Table II. Zelikoff and Aschenbrandl measured their products
mass spectrometrically and found @{Oé} to be about 0.50 £ 0.09. They
did not report NOZ’ sc presumably it was unimportant in their system.

Both Groth and Schierheolz ™ and Yang and Servedio” condensed their

5 the

reaction rnixture before analysis. Presumably in both experimen
NO was quantitatively converted to NZO" before the O, was removed {or
1 S &

analysis, thcough Yang and Servedic assumed that NO2 rather than NPO‘%




TABLE II

Quantum Yields of Nitrogen and Oxygen

Product Zelikoff and Groth and Yang and Present

" Yield Aschenbrand Schierholz Servedio? Work
@{NZ} 1.44 + 0,11 1.40+0.06 1,40+0.02 1.41+0.06
@m{oz} = 0.15+0. 01 0.19+0.01 0.137+0.005

2{0,}+(1/2)2{NO,}  0.50 *0.09 0.49 0, 04 0.45+0.03% 0.42%0,02

a) As recomputed by éqn. c.
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e

»duced. Thelr analytical schemes should lead to the same
chservations as ours. Groth and Schierholz found @_m{oz} =0.15+£0.01
in excellent agreement with our result of 0.137 £ 0.005. The value of
0.19 £ 0.01 reported by Yang and Servedio apparently corresponds to
percani.conversions of 1-2% and agrees with our results for these con-
versions. However, this high value results from secondary reactions
and can be discarded. {Actually Yang and Servedio do not report the
precent decomposition in their paper for most of their runs. However,
for the series in which the effect of the extent of conversion was studied,
it was varied between about 1 and 62% . Presumably their low=-conversion
runs correspond to about 1 percent decomposition.) Groth and Schierholz
also measured the NO2 quantum yield to be 0.68 £ 0.05, so that

@{02} + (ifZ)é{NOZ} can be computed directly. Foz both the Yang.and
Servedio experiments as well as in our work, this quantity is computed
from eqn. ¢. The results of the four investigations agree within the
experimental uncertainty. However, ocur result is the lowest and is to

be preferred, both because it is the most precise and because if cor-
responds to the lowest percent decomposition.

Table III lists @m{OZ} in the photolysis of N,O in the presence

2
to [NZO] wasg varied from 1.0 te 40 and

-

of NZQ The ratio of [Nzg

@m{oz} increased with the ratio to an upper limiting value of about
0.375.

Table IV lists quantum vields in the photolvsis of NZO in the

presence of b,%Héo The ratio of LNZ Ito iCzﬂéﬁ wag varied between
1220 and 28. The ratic of extinction coefficients for C;H, and NZO is

Q
o
[ 0]

sorbed by the NZO” and the absocrption due to the C HE is small. Th
)

3




TABLE III

& {0O,} in the Photolysis of N,O and N., Mixtures
m 2 2 2
at 1470A and Room Temperature

[NZ] /[NZO] [N.Z‘O]’ [NZ] ' .-irradiation . ;
Torr Torr Time, min Ia’ p./ min (bm{oz}
1.0 103 104 50 . 2.50 ~0.216
1.9 103 200 50 - 2.50 0.256
3,2 64 206 50 4.00 0. 265
3.8 47 179 - 50 : 4,72 0.292
4.5 34 152 50 5,06 0. 300
5.3 56 294 50 2,68 0.328
7.9 52 410 60 3,75 0.320
8.4 50 420 60 2,95 0. 345
8.5 50 425 1200 2.93 - 0.364
11.2 35 391 50 Sz 0,356
11.5 34 390 50 4. 00 0.345
16.2 28 453 50 : 2.66 0. 368
24. 4 18 438 50 5.06 0.375

40.5 . i1 446 50 2,68 0.374




TABLE IV

Quantum Yields in the Photolysis of NZO and C3H6 Mixtures
at 1470A and Room Temperature

[N,0]/  [N,0l,  [C,H/l,  Irradiation L, e{n,} @ fo,} e {NO}
[C3H6] Torr 1 Time, min p/min
1220 654 536 120 1.27 1.32 0.0425 -
1160 424 398 60 0. 80 1. 46 0.0396 -
734 537 730 120 0:82 1. 56 0.0437 -
484 305 630 100 3.14 1. 55 0.0440 -
286 98 342 60 3.50 1. 49 0.0438 -
240 175 730 100 2.90 1. 47 0.0417 -
155 85 550 100 2.90 1.35 0.0328 -
101 98 958 85 2.05 1.28 0.0324 -
100 71 710 100 3. 80 1.28 0.0202 -
74 62 840 100 3.92 1.22 0.0153 -
73 38 520 100 2.18 1.14 0.0049 -
70 45 636 120 2.96 1.16 0.0045 -
53 43 810 100 2.90 1.17 - 0.0159
39 27 690 100 2.92 1.02 - 0.0288
38 30 800 110 2.24 1.0°1 - 0.0336

28 28 990 100 2.92 1. 071 - 0.0411
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quantum vields are a function of the ratio of reactant pressures, At
ratios between 1220 and 240, {fNé} is the same as in the absence of
C3H6’ whereas @m{OZ} has dropped markedly to 0.0426 £ 0, 0013,

and is independent of either reactant preFSSure. As the ratio is l.owered
below 200 both & {NZ} and @m{OZ} drop, the former to unity and the

latter to zero. When O, is no longer detected, NO is observed and the

2

measured Quantum yield: of NO, Q'm{NO }, is reportedA for those runs,
The reduction in @m({Oz} when C3H6 is added‘in trace amounts

is attributed to the scavenging of O(3P) by C3H6° However, this reaction

can produce free radical intermediates which react with O2 and NO,

“and thus might give misleading résults., At the high total pressures

used here, free radical production shoﬁld Ee negligible. H To check |

this point, four runs were done with >300 torr of NéO and < 750 of trams-

butene-2 to scavenge O(3P§, Since trans-butene-2 is more complex

than C3H6’ free radical production as a result of O(3P) scavenging should

be even less important with trans-butene-2, H The average measured

value for @m{Oz} in these runs was 0, 0432 £+ 0, 0016 in ex;:ellent agree-

ment with the C3H ‘NZO results.

6




alzm

DISCUSSION

The absorption of 1470A radiation by N,O can lead to the six ener-
getically permitted primary processes given by reactions 1-6. In order
toc understand the mechanistic details it is necessary to consider the fates
of the reactive species produced in these reactions.

The atom O(lS) might react with N,O

ot’s) + N,0 ~ N, + O, 12
— 2NO 13

The rate constant for the total removal of O(]"S) by NZO has been found

-11

to be 1.6 x 10 cma/seco4 In addition to reactions 12 and 13, O(ls)

could be deactivated to O{lD) or ()(313)° However, these deactivations
would be equivalent to O(lD) and O(3P) production by reactions 2 and 5,
respectively. Therefore they need not be considered separately.

The O(J“D) atom reacts with NZO via

O{lD) + NZO - NZ + O2 14

— 2NO 15
These have been shown to be the only reactions of O(lD) with N,O and the
rate constant ratio ki4/k}_5 was found to be 0.59 £ 0.01. 12 Actually the
spin conservation rules require that‘ the O2 product in reactions 12 and 14
be in a singlet state. However, there is no spectroscopic evidence tc
suggest that electronically excited O2 is present in this system. If it is
produced it must be deactivated before entering into chemical reactions.
different than those of ground state Oze

. . 3 - . .
The excited molecule N7€ 2%y is deactivated by NZO with a rate cone-
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quenching by NZO does or does not dissociate the NZQA For our purposes
a non-dissociative quenching is equivalent to reaction 5 and need not be
considered separately. Therefore it is only necessary for us to consider

the step.

3

N,(>Z) + N,0 — 2N2<12) + o(3P) 16

A
Since the reaction of O(3P) with NZZO is immeasurably slow, 13 the

fate of O(3P) is to produce O2 and NO2 via the reaction sequence

O(3P)+NO+M—»N02+M 17

o(*P) + NO, =~ NO + 0, | 18

2

As previously discussed the atoms N(ZD} and N(4S) react respectively via

N(“D) + N,O = N, + NO | 9

2

N(*s) + NO —~ N, + O(’F) | | 11

. v
Determination of ® {O{ D) }: The quantum yield of O(lD) production,

@{O{lD}% }, can be determined directly from the values of @m{OZ} in pure

NZO and in the presence of a large excess of NZ' The presence of NZ

3

has no effect on 0(15)9 N,{T"Z), or N(ZD), as the rate constants for

o
quenching of these species by N2 are at least 500 times smaller than

9,14 The ground state

the respective quenching constants with NZOE
atoms O(3P) and N(4S) do not interact with NZ» at rates fast enough to be
important in this system. 15 Therefore the only effect of adding NZ is

1
to quench O{ D} 16

N, + O@ED} -~ “\3’2 + QQBP} 19

The addition of NZ diminishes NO production, enhances OZ production, and

thus @m{oz} rises from 0. 137 to about 0.375 as the [NZ}/[NZOE ratic is
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raised from zero toward infinity. The data are plotted in Fig. 1. When
@m {OZ} is half way between its limits, or about 0.256, the rate of reaction
19 equals that of reactions 14 plus 15. This occurs when [NZ]/[NZO]%Z

so that ({k'§4 + k15)/k19'b 2, though this ratio might be as large as 4.

This value is compared with that found by other investigations in Table V.
Young et aL” report the ratio to be 3.6, while Preston and Cveta:rloviclzl8
found 4.2, and Del\/[o:c’e19 obtained 5. 2.

At the highest ratio of [NZ] to [NZO} used in this study (i.e. 40},
> 90% of the O(lD) atoms are quenched by N2° Thus the Hmi‘ting’
value of ® {0, } at high [N, ]/[N,O] might be éXpected to be slightly
higher than the value of 0.375 observed. However in order to obtain
enocugh product for significant measurements at these conditions, the
conversion exceeded 1% and the reaction of N{ZD) with NO should be
significant as discussed earlier, thus tending to give larger values of
<I>m {Oz}o The latter effect is more important than the former at the
highest [NZ]/[NZO] ratiésa and the value of 0.375 is too large. On the
other hand, at [NZ'_E/{NZO} ratios of about 10, the percent conversion is
about 0.2% and the results in Table I show that the latter effect is
much less important than the fact that only about 80% of the O(lD) have
been quenched. At this ratic @m{oz} was cbserved to be about 0.35,
and this value must be less than the true limiting value at very large
[NZTE/[NZO]O Thus we conclude that the limiting value of the measured
O, quantum yield, @mﬂ{oz }, must be 0.365 £ 0.015.

1

. . 1 . g g .
The quantum yield of O D} production, ®{O{ " D}}, can be deduced

to obey the relationship

T B Y o ;
©{O('D)f=2(2 {O,} - e {0, Ik, , + k;}/(2k -k, ] d
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TABLE V

Summary of Rate Constant Data at Room Temperature

Ratio Value Source
(kyy + k15)/k19 2 Fig. 1
(kyy + k15)/k19 3.6 Ref. 17
(I, + 1<15)/k19 4.2 Ref. 18
(ky, + kls)/klg 5.2 ‘ : Ref. 19
ko o/l o + Ky3) < 90 Fig. 2




0.40
0.36
0.32
(bm{oa}

0.28

0.24

0.20

Q

40

20

[N2]/[Nz0]

Figure 1 Plot of @m{oz} vs [N,]/[N,0] in the photolysis of N,O
at 1470 A and room temperature in the presence of N, .
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where @m {OZ} is the measured O, quantum vyield in the absence of NZ’

2
i.e., 0.137. Since k}rﬁ,&/kﬁ5 is accurately known to be 0. 59,12 @{OélD‘}}
becomes 0.515 £ 0.04. This value is compared with that of Young et a1°4
in Table VI. Their value of 0.55 £ 0.03 agrees very well with our value.
In both cases this value is the sum of the O(lD) produced directly in

reaction 2 as well as any that may be produced in quenching O lS) by

NZOa

Determination of @{O(3P) }: The total quamtum yield of O(SP) production,

@{0(313) }, can be obtained from the difference in @m{oz} in the absence
and presence of C3H6° @{O(SP}} includes the contribution to O(3P)

production which may result from any process and is given by
sfo’py}=20(3}+o{5} +@{6} e

where ®{3 }, ® {5 }, and ®{6 } are the gquamtum yields of reactions 3,
5, and 6, respectively. Reaction 5 leads directly to O(3P)n Reaction
6 also always produces O(3P) since N(4S) is always removed by reaction
11. Reaction 3 always produces two O(BP) atoms since reaction 3 only
includes the NZ(,EE) that is always removed via reaction 16. Any
N2(3ZZ) that is quenched without dissociating N,O is included as part
of reaction 5. The other metastable states O(ls), O(ID), and N(ZD)
might alsoc be deactivated to O§3P} {in the case of N(zDL deactivation
to N(4S) is followed by reaction 11). Any fraction that is so deactivated
is considered as if the excited precursor was never produced, and is
therefore automatically included in ‘react';ions 5 and 6.

When Cgéﬁ—lé is added it might react with N'{éS}, O{BP& or any of
the metastable species. The room-temperature rate constant for the

g 14

reaction of N{ S} with C3H6 has been reported as 4.2 x 10 cmg/sec
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TABLE VI

Quantum Yields in N,O Photolysis
at 1470A and Room Temperature

@ This work Young et al. 4
o('p) 0.515 = 0. 04> 0.55 % 0.03%
o®p) 0.189 £ 0.012 -

N, (> Z) 0.084 + 0.02 0.08 + 0.02
o{5} + @{6} 0.02 %0.02 oP

N(*D) 0.245 £ 0.06° ~ 0, 1P

o('s) 0.135 £ 0.06% 9 | 0.5 0.1

a). Includes the Of D) produced directly in a prlmary process as
well as from deactivation of 0(18)

b). Assumed

c}) Assumed klz/(k12 + k ~1,0.

13)

d) Includes only that fraction of Of S) which is not deactivated by
N, O to o(lD).




by Madhavan and Io;qeszo and 1.5 x 10&‘,;4 CmB/SQC by Herron. 21 The

=11 3 15

cm” /sec,

s
rate constant k,, for the reaction I Sywith NO is 2.2 x 10

ks

or at least 500 times larger tha,ﬁ;;"l_e*lﬁ%ate constant for the N(LIS”) + C H() :

reaction. For all of our experuﬁ I‘J.ts with added C Hé, the amount of {")
NO at the end of a run exceeded 10% of the initial C H6 pressure, andjj
usually Was about 30-50% of the initial CSH() pressure. Consequently.
the reaction of N(4S) with C;H, is unimportant and can be ignored.

With O(3P), exactly the opposite situation exists. The rate con-

stant for the O(3P) reaction with C H6 is 4.0 x 10=12 cm3/sec,11 whereas

~31 cmé/sec with -

that for the reaction with NO, reaction 17, is 1.0 x 10
N2 as a ch.ampe.rone‘,15 With NZO as a chaperone the rate constant may
be somewhat larger. However even at the most extreme conditions
(laz’ge"NZO pressures and high [NO]/[C3H6] ratios) used in this study,
O€3P) is almost exclusively removed by C3H6,

The rate constants for the removal of the metastable species by

=1 - - -
‘i, 2 x 10 10, 6 x 10 12, and 3 x 10 12 cm3/sec for

NZO are 1.6 x 10
O€1859 O{lD}, N2(32}, and N(ZD}, respectively.4’9 The rate constants
for removal of these species by C3H6 are not known. However, they
cannot exceed 10==9 cm3/sec which corresponds to collision frequency-.
Thus at [NZO]/[C3H6] ratios of about 1000, removal by C;H, should be
unimportant. Table IV shows that @m{OZ} rises with the ratio to a
limiting value of 0.0426 + 0.001 at ratios in excess of 240. Under
these conditions the sole effect of C3H6 is to scavenge O(3P§ atoms.

Therefore @{0{313}} can be coemputed to be 0.189 £ 0.012 from the

expression

2{0CP)} = 2(2_°{0,} - &_P{0, ) £
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where @mO{OZ} is the measured quantum vyield of O2 in the absence of
C3H6 {i.e. 0.137) and @mp{()z} is the measured gquantum yield of OZ
production at [Nzo]/[c3H6} ratios between 240 and 1220 (i.e. 0.0426).

The rate constant for quenching of metastables by C3H6 can be
estimated from the fall-off in & {NZ} as [NZO]/[C3H6] is reduced.
Figure 2 is a plot of this fall-off. At [NZO]/[C3H6]2 30, ®{N, } has
dropped to unity. Actually about 10 percent of the radiation has been
absorbed by C3H6’ so that @{NZ} is in fact about 1. 1 Only ,ab.out 25
percent of the O(lD) has been quenched by C3H612 so that the fall-off
in @{NZ} is due to scavenging of the other metastables by C3H6°

. 1, . . . . .
Since O{"S) is the most important of these species, its relative rate

constant of removal ie given approximately by the [NZO]/[C3H6] ratio

when the fall-off is about 1/2 the full value. Thus kzo/':(klz + k13) is
about 90 where reaction 20 is
e, . | 1 | |
o(s) + C3H6—> removal of O{"S) 20

The value of about 90 for the ratio is similar to the value of 87 obtained
i 23 \
by Filseth et al ,22 and 150 obtained hy Young et al ~ ‘for the relative rates

of C2H4 and N, O in scavenging O{lS)q

Determination of @{NZQBZ) }:  The metastable state N2(3Z) is produced
3

in reaction 3. Our computation for @{NZ( )} emcompasses only that
part of N2(3Z) which dissociates NZO’ any other fraction being equiva-
lent to N2(12> productiéna @{NZ(SZ)} can be computed from the results
of the photolysis of pure N’ZOo The quantum yields for product formation

are
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Figure 2 Plot of ®{N,} vs [NZO]/[C3H6] in the photolysis of N,O at
1470 A and room temperature in the presence of C3H6'
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N 1., “ 1 I
N, t-1=a{Of S}}‘klz/{k +k, .} + ®@{0O( D) }k14/{1<14+k15> + @{NZ{ ) g

2 127%13!
@{oz}v{ngz/z;@@{woz}a @{ogls>}z,;12/e:k12+ki3§ +€D{O§1D) }kM/(kM%;le}
+(1/2) 2 OCP)) h
Combining equations ¢, g, and h yields
@{N2(32)} = (3/4)@{N2} + (1/.2)@{0(313}} -(1/2) e {oz} -1 i

With the values of 1.41, 0.189, and 0.137, respectively, for @{NZ},
s {0’P)}, and e@m{o2 3, @{N2(32)}becomes 0.084. "The experimental
uncertainty in this number is £ 0.004 plus-three quarters of the uncer-
tainty in @{NZ}O The uncertainty in @{NZ} is probably about 0.02 when
all the separate investigations are combined. Thus we deduce that
@{N2(3Z)} = 0.084 £ 0.02 in excellent agreement with the value of 0.08
+ 0.02 found by Young et al.,4

The above result when combined with eqn. e leads to the con-
clusion that ®{5} + ® {6} = 0.02 £ 0.02. Thus the spin-forbidden
processes are unimportant. Furthermore it follows that O(lS) and
OQED) are not deactivated by NZO to O(BP), that N(ZD) is not deactivated
by NZO to N(4S‘;, and that N2(3Ef9 deactivation by NZO results in the
dissepiation of NZO at least 80% of the time. This conclusion is at
variance with earlier findings that active nitrogen did not dissociate
Nzo,é“g However Campbell and 'I‘anusﬁ{'lz4 have argued that the amount
of decomposition expected would not have been detected. In a later
paperZIS they have shown that NZ(BZ‘) efficiently dissociates NZOf,

et oo s o C . 26
Further suppert for this conclusion is given by Stedman et al.
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Young et al. % 2lso concluded that sz‘z:;‘; did not dissociate N,O. This
conclusion was based on the invariance of @{O(BP'} } when NZ{BZ) was
deactivated by N,O and NO in two separate experiments. However
the NO(AZE) produced from the quenching of N2(3Z) could have
dissociated the NZO‘° thus giving the same yield for O(3P) in both

experiments.

Determination of @{N(ZD)} and @{O{ls‘; }: Since ®{2}+ 3 {3} +

{5} +a{6}=o0. 62,th‘enbydi‘fference'dN(ZD)} ra{otls)} = 0.38% 0. 06,
where our value of ®{0O( 15)} includes only that fraction not deactivated

by NZO to O&{lD). Doering and Mahan 6 found that about 5% of the N

produced in the photolysis of Don14N0 was 2ON,. With about 1%

2
15NO added, this value increased to about 8% at short conversions.
14N15

2

Furthermore the photolysis of NO in the presence of about 1%

lSNO gave about 3% l51\]“2 at low conversions. From these results it

can be concluded that at least 10% of the N2 produced came from
nitrogen atoms. Because the amount of N(4S) produced is hegligible,

this value corresponds entirely to N(ZD} production. Since k’lo/k9 = 60

only about 1/3 of the N{ZD} is reacting with NO and about 2/3 with N,O

for [NOJ/[N,0] = 0.01. The reaction of 15N with either 12NY*NO or

Y4150 can lead to TZ?Nzg so that considerably more than 10% of

2

the N, could come froem N(ZD)y and ®{N{“D)} should be about 0.2 - 0.3,

2
The value of @{O(ls)} can be evaluated from either equation g

or h if kEZ/{(k},Z + kB} is known. There is no experimental measure-
ment of this ratio but Donovan and I—Iusain27 have pointed out that the

only adizbatic path to products leads to N, + O, so that k., ,/{k., + k._}
y p p 2 12712 13

2

should be close to unity. Since k?[z/ik-;,? + Klj} cannot exceed one, the
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assumption that it is one leads to the minimum value for @{O{iS} }
This value is 0.135 £ 0.06. By difference & {N(°D) } becomes 0.245 &
0.06. The difference between our value and that of Young et 31.4 for

@{O(lS)} corresponds to the portion deactivated by N,O to O(lD).

2
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